v Complete circulatory arrest, deep hypothermia, and barbiturate cerebral protection are efficacious adjuncts in the surgical treatment of selected giant intracranial aneurysms. These techniques were utilized in seven patients, one with a large and six with giant basilar artery aneurysms; four had excellent results, one had a good result, one had a fair outcome, and one died. The rationale for the use of complete cardiac arrest with extracorporeal circulation, hypothermia, and barbiturate cerebral protection is outlined. The surgical and anesthetic considerations are reviewed. The perioperative morbidity and long-term results support the use of these techniques in selected patients with complex intracranial vascular lesions.
KEy WORDS basilar artery aneurysm • subarachnoid hemorrhage cardiopulmonary bypass hypothermia barbiturate coma cerebral protection T HE treatment of complex intracranial vascular lesions continues to challenge the neurosurgeon. Because of their size, location, and tendency to lack a definitive aneurysmal neck, giant intracranial aneurysms are particularly difficult to treat directly. Even in the best hands, the associated incidence of perioperative morbidity and mortality is significant. In his series of 174 giant intracranial aneurysms, Drake 10 reported that 71 % of the patients treated had excellent or good outcomes, 13% were severely disabled, and 16% died. Notably, only 39% of the aneurysms were successfully occluded at their neck. Giant aneurvsms of the basilar artery were associated with even wo~se out comes: only 52% of 73 patients with a basilar artery aneurysm had excellent or good results, 23% had poor outcomes, and 25% died.
A useful adjunct available to the neurological sur geon in the treatment of complex intracranial vascular lesions is compltte circulatory arrest. Several inves tigators have reported improved results when utilizing this technique in treating giant intracranial aneu rysms,3.11.28.32.35,42.54 of which only seven were basilar artery aneurysms. This report presents seven patients, one with a large and six with giant basilar artery aneu rysms managed by complete cardiac arrest, deep hypo thermia, and pre-arrest barbiturate cerebral protection.
Operative Techniques

Electrophysiological Monitoring
With this technique, intraoperative monitoring in cludes recording the spontaneous electroencephalo graphic (EEG) activity, somatosensory evoked po tentials (SSEP's), and brain-stem auditory evoked potentials (BAEP's). The suppression of EEG activity by barbiturates is used to titrate an effective dose for ce rebral protection. 1The preservation of SSEP's is used to confirm the integrity of sensory conduction.
The two test modalities (SSEP monitoring <end evoked potential recording) complement each other. The EEG recording is a sensitive index of generalized cortical activity and a precise measure of a cerebropro tective barbiturate dose.~9 The SSEP is a more specific response of intact sensory pathway conduction that persists despite barbiturate-induced EEG burst supp:-es sion. Spontaneous EEG activity is lost when body tem perature is below 2SOC and cerebral blood flow is 21' to 30 cc/100 gm/min. The SSEP's persist to hypothe=-=-:jc levels as low as 18° to 20T and flows of 10 to 15 ~;:/ 100 gm/min. Together they can be mor:itorec' to achieve optimum doses of barbiturates and min:::-: 2 ! retraction of neural structures before hypothermic 2X rest. During rewarming, after the arrest period,:'Je I The benefits of EEG monitoring were illustrated in one patient who developed a striking reduction in EEG ( frequency below 10Hz on the unoperated hemisphere I at the conclusion of the procedure (Fig. 1) . This unsus pected EEG asymmetry prompted an immediate post ( operative computerized tomography scan that revealed i a subdural hematoma. The hematoma was evacuated, and the patient recovered uneventfully. This lesion I might not have been detected and treated effectively I without the EEG change. Both BAEP's and SSEP's are monitored simulta neously with the EEG. The BAEP's are recorded if brain-stem structures are threatened by the planned procedure, The SSEP's are recorded if thalamocorti cal pathways are involved, A derived parameter of the SSEP's, the central conduction time (the transit time from the cervical dorsal column to thalamocortical acti vation) is also used to estimate hemispheric perfusion.
The BAEP's are recorded by far-field techniques fol lOWing broad-band click stimuli (100 Jlsec rectangular pulse monophasic square waves) delivered via molded ear speakers (Fig. 2) . Clicks of alternating polarity are Used at stimulus levels of 90 to 100 dB (sound pressure level) at rates of 11 to 33/sec. The contralateral ear is masked to prevent bone-conducted acoustic crossover. The SSEP's are recorded from cervical and contralateral S~matosensory cortical sites following upper-extremity stlmulation of the median nerves at the wrist (Fig. 3) . The stimulus is a monophasic rectangular pulse of 100 
2. Graphic representation of brain-stem auditory evoked potentials during the course of hypothermia and cir culatory arrest for basilar artery aneurysm clipping, AD = right ear; AS = left ear; T = body temperature, to 300-llsec duration at an intensity of 1,5 times twitch threshold (not exceeding 20 rnA) at rates of 4 to 8 Hz. The response is recorded from lO-mrn Ag disc elec trodes carefully balanced to an interelectrode impe dance below 5000 ohms. Unilateral stimulation and recording are used to detect response changes following surgical manipulation.
Surgical Technique
The basilar artery aneurysm is exposed either through the standard transsylvian or the subtemporal approach. The specific operative approach is determined by the anatomy of the aneurysm, its relationship to the clivus and posterior clinoids, and the orientation of the an eurysm in relation to the axis of the basilar artery. When the subtemporal approach is used, the craniec Opening. tomy is carried far anteriorly and a good portion of the zygomatic arch is drilled off, leaving just a rim. This allows a very anterior subtemporal approach, minimiz ing traction on the vein of Labbe and providing good exposure with minimal retraction. Meticulous attention to hemostasis is required to avoid any oozing during heparinization. The exposure proceeds during the early cooling stages. Prior to heparinization and actual extra corporeal pump activation, the retraction should be placed so that no further repositioning is required dur ing aneurysm clipping. It is at this point in the proce dure that the surgeon decides whether the aneurysm can be clipped primarily or whether circulatory arrest is required. If significant manipulation of the aneurysm or the associated vessels is necessary, extracorporeal circulation and complete cardiac arrest are performed.
Following final clip placement, the surgical field is inspected during the rewarming phase to assure com plete hemostasis. When the pump is switched off and the heparin reversed, final wound closure is completed.
Management of Anesthesia and Cardiopulmonary Bypass
The preoperative evaluation of neurosurgical pa tients who undergo a cardiopulmonary bypass proce dure includes a full medical assessment and anesthesia evaluation. Patients with preexisting cardiac, pulmo nary, or hematological disorders may be excluded from 870 R. F. Spetzler, et al. Anesthesia is maintained with incremental doses of narcotics and is supplemented by a mixture of nitrous oxide and oxygen or isoflurane with nitrous oxide and oxygen to maintain stable cardiovascular parameters and an adequate level of anesthesia. Baseline evoked potential recordings are made during this preparatory phase prior to the incision. Surface cooling is initiated by lowering the ambient room temperature, placing the patient on a cooling blanket, and infusing cold saline intravenously. Gradual cooling proceeds at approxi mately 0.2°C/min.
Hemodilution to a hematocrit level of 28% to 30% is performed by running blood from one of the arterial lines or the femoral vein during circulatory bypass into an anticoagulant solution. This blood is reintroduced after the bypass is discontinued in order to replace essential clotting factors. Circulating volume is main tained by the addition of cold intravenous saline con taining KCl (4 to 6 mEq/liter). As much as 4 liters of solution may be required for adequate hemodilution and hypothermia.
Barbiturate-induced EEG burst suppression for ce rebral protection is maintained intraoperatively. After the aneurysm has been exposed and hemostasis secured, cardiopulmonary bypass is begun once the patient's core temperature reaches 34T. Anticoagulation is ob- (Fig. 4) . Partial extra corporeal circulation is initiated at a core body temper ature of 32"C. A heart-lung circulation machine with a heat-exchanger and oxygenator with in-line pump is primed with iced saline, mannitol, and autologous blood solution before initiating the bypass.* Cooling during extracorporeal circulation is continued until the desired core temperature is reached. Characteristic elec trocardiographic changes occur with hypothermia and should not be confused with other cardiac arrhythmias. As the heart is cooled, the sinus rate slows, the T waves I invert, and the P-R, QRS, and Q-T intervals are pro Flow rates are determined by MABP, venous and arte rial mixed oxygenation, and systemic pH. The desired target temperature is controlled by the bypass heat exchanger.
Circulatory arrest occurs at between 22°C and 18°C with loss of cardiac electrical activity. The pump is stopped, the patient's head is elevated to promote ve nous drainage into the reservoir, and circulation is suspended. The duration of circulatory arrest is timed and limited to the period of clip application. Circulation is reestablished and reperfusion is accompanied by re warming of the patient at 0.2° to OSC/min. Too rapid re:varming exceeds the tissues' demand for oxygen; this mIsmatch of oxygen supply and demand can cause tissue acidosis and hypoxia. As the rewarming contin ues, the heart will fibrillate spontaneously. If conversion to sinus rhythm does not occur early, cardioversion may have to be repeated and supplemented with appro priate antiarrhythmic, inotrophic, and vasopressor. drugs to establish a normal sinus rhythm and good filling pressures. Peripheral vasodilution is achieved with sodium nitroprusside to improve rewarming.
Extracorporeal circulation is discontinued when the heart can maintain a normal cardiac output and sinus rhythm and when body temperature has risen to 34°C. The patient's whole blood with fresh platelets and clot ting factors is administered after circulatory bypass to reverse any bleeding diathesis. Heparinization is re versed with protamine sulfate to reduce the activated clotting time to between 100 and 150 seconds. At the conclusion of the procedure, the patient is transported to the intensive care unit with the electro physiological leads in place in order to monitor CNS activity during the slow recovery from the barbiturates administered intraoperatively. Adequate neurological assessment of gross motor function, response to painful stimuli, and pupillary reactivity may be delayed by several hours. Neither narcotic nor muscle relaxant drug effects are reversed and the patients are ventilated until they awake and are responsive. This postoperative recovery period requires critical control of cardiovas cular and hemostatic parameters to ensure a good neu rological outcome. The circulation volume is expanded postoperatively to enhance cerebral perfusion and min imize the potential effects of postoperative vasospasm. Extubation is attempted when the patient is responsive, airway reflexes are intact, normal blood gas values are maintained, and neuromuscular recovery is complete.
Summary of Cases Seven intracranial procedures for posterior circula tion aneurysms were performed under circulatory arrest and extracorporeal circulation between January, 1985, and January, 1987 (Table 1 ). All seven patients had basilar artery aneurysms, six giant and one large (Fig.  5) . Two patients were operated on within 2 days of SAH. According to the SAH classification of Hunt and Hess,24 one of these patients was in Grade II and the other in Grade IV. One Grade I patient underwent surgical exploration and aneurysm clipping on Day 7 following SAH. Three patients were operated on 2 weeks after SAH. One of these patients was in Grade I and two were in Grade III. In one patient (Case 7), a giant basilar artery aneurysm was discovered inciden tally during workup after mild head trauma.
All patients survived the neurosurgical procedure and the techniques of circulatory arrest and cardiopulmo nary bypass. In every case the techniques of circulatory arrest allowed detailed dissection of the aneurysm with modest manipulation and direct clipping of the aneu rysm base.
Of the patients operated on acutely, one (Case 1) had mild cognitive dysfunction, an ipsilateral third-nerve palsy, and a minimal contralateral hemiparesis after surgery. Over the next 2 months, after ventricular shunting for hydrocephalus, his motor and cognitive function returned to normal. He later developed shunt infection and ·..entriculitis, which was successfully treated. He had no other focal neurological deficits. He died from massive cardiopulmonary arrest 7 months after surgery. The second patient (Case 2) was in Grade IV preoperatively and underwent surgery 2 days after SAH. Postoperatively, he had an ipsilateral third-nerve palsy and a contralateral hemiparesis that improved steadily. The patient who underwent surgery on Day 7 after SAH (Case 3) had no neurological morbidity and was discharged 10 days after surgery. Of the three patients treated 2 weeks after SAH, one (Case 4) had no neurological deficits and was discharged 1 week after surgery. Our oldest patient, a 77-year-old woman (Case 6, Figs. 6 and 7) developed a left frontal (contralateral) subdural hematoma at the conclusion of the operative procedure during a Valsalva maneuver. This was promptly evacuated. Postoperatively, she had a temporary expressive dysphasia that cleared in 2 weeks. She had no lasting neurological sequelae. The only neurological death in our series occurred in a 51 year-old woman with a severe SAH (preoperative Grade III). After awakening from surgery she was able to follow commands and move all four extremities; how ever, she developed sudden loss of consciousness and quadriparesis 12 hours later. She had a large brain-stem infarction despite the appearance of good clip position and elimination of the aneurysm without evidence of vessel compromise on follow-up angiography. She died 8 weeks later from severe pneumonitis. The patient with the unruptured aneurysm (Case 7) had an uncom plicated postoperative course and an excellent outcome (Fig. 8) .
Discussion
The technical microneurosurgical advantages of em ploying total circulatory arrest in the treatment of giant intracranial aneurysms are many. First, the surgical field is bloodless, which improves visualization of the 
Aneurysms of the basilar artery
Hypothermia has other effects besides reduced CMR0 2 . These include increased blood viscosity,18 a 40% to 50% increase in the blood-gas partition coeffi cient that alters anesthetic transport,15 an increase in the serum glucose level secondary to reduced glucose utilization,30 a 30% to 50% reduction in blood flow rates during cardiopulmonary bypass,14 a left shift of the oxyhemoglobin dissociation curve with reduced oxygen availability,S and a reduction in capacitance vessel diameter with subsequent alterations in the size and distribution of the circulating blood volume. 4 The rate of heparin inactivation is also slowed with hypo thermia. These complexities require knowledgeable neuroanesthetic management, close attention to hep arinization and hemodilution, ventilation with an in creased fraction of inspired oxygen (and less anes thesia), and frequent measurement of cardiac ftlling volumes and serum glucose values.
Duration of Total Circulatory Arrest
For practical surgical considerations, useful circula tory arrest has not been performed without also em ploying hypothermia for its cerebral protective effects. While the safe limit of total circulatory arrest for any given species is variable, the safe duration of complete arrest time is increased by reductions in body temper ature. 16 ,37,38 Lundar, et al.,27 reported reduced mortality and neurological morbidity rates with arrest times be low 50 minutes -a duration they described as the "safe period." Rittenhouse, et al., 38 Laboratory results obtained with animal models have been conflicting. Molina, et al.,31 noted microscopic cellular damage and clinical neurological impairment in dogs treated with 60 minutes of circulatory arrest at l8·C. Haneda and associates 20 reported the safe exten sion of total circulatory arrest to 90 minutes in their dog model, but noted that the incidence of neurological deficits was inversely proportional to the animal's core temperature. Animals with the greatest reduction in body temperature had the lowest incidence of postop erative neurological compromise.
The median duration of complete arrest in our series was II minutes; the range was 7 to 53 minutes. This is consistent with reports from other neurological sur geons who have employed extracorporeal circulation for intracranial vascular surgery (Table 2) 39 .5 mg/kg) to maintain constant EEG burst suppression throughout the circulatory bypass period. They found a statistically significant reduction (p < 0.025) in post operative neuropsychiatric dysfunction among patients randomized to the thiopental group.
Our experience with profound hypothermia and cir culatory arrest indicates that prearrest, precooling ad ministration of barbiturates (thiopental) in quantities sufficient to maintain burst suppression of EEG activity has not been deleterious and probably has improved cerebral protection. The average thiopental dose in this 
Hemostasis and Clotting Mechanisms
Complete circulatory arrest with extracorporeal cir culation disrupts the coagulation cascade and normal hemostatic mechanisms in several ways.3,9,15,18.25, 32.36 The most direct effect is due to the use of heparin, an essential component of cardiopulmonary bypass proce dures. Heparin acts instantaneously to produce throm bin-antithrombin complexes that deactivate thrombin and factor X and inhibit the coagulation cascade. Pro tein-bound heparin is distributed throughout the plasma volume and is eliminated by first-order biode gradation via the reticuloendothelial system, The half life of heparin is approximately 100 minutes; however, this varies with dose and body temperature, There is also marked individual variability in the initial effect of heparin, its clearance, and its subsequent half-life. 21
Heparinization must be controlled by measuring the activated clotting time. The test, described by Hatters ley,2! may be used as early as 3 minutes after heparin administration to control the extent of heparinization and the reversal of its effects with protamine sulfate. Normal activated clotting time values are between 140 and 160 seconds measured via a Hemachront device.
Other mechanisms that affect normal hemostasis are hypothermia, hemodilution, and the use of the heart lung circulation pump. The heart-lung pump and plas tic or gas oxygenator and the subsequent red blood cell (RBC)-foreign surface interface results in RBC and platelet trauma that contributes to their fragility, cre nation, and consumption. The high oxygen tension. violent turbulence, negative pressure, and shear forces generated by the use of suction during extracorpor eal circulation lowers hematocrit and platelet counts postoperatively. Hypothermia contributes to RBC dys function and platelet sequestration and slows the en zyme-mediated steps of the coagulation cascade. 3 ,932 Hemodilution dilutes essential coagulation factors and enzymes, further contributing to the hypocoag ulable state.
9 Fibrinolysis and hypofibrinogenemia add to the hemostatic defects known to occur after cardio pulmonary bypass. 32 The major complication associated with the neuro surgical application of cardiopulmonary bypass pro:::: e dures has been postoperative hemorrhage. 3 ,11,32,54 Sev eral mechanisms to combat perioperative hemorrhagic, complications have been identified. First, most of ::1e intracranial dissection should be performed before ini tiating circulatory arrest. Micro neurosurgical te:::j Diques must be employed, and absolute hemostas:S is mandatory. Close attention to anticoagulation ·,;:h heparin during the operative procedure is required, 'Pe TM ,arysms of the basilar artery tit:-::e a heparin infusion (after an initial loading dose of ':eef lung sodium heparin of 300 U/kg) to maintain activated clotting times of approximately 450 seconds. Accitional heparin must be administered if the acti vated clotting time falls below 300 seconds. By phle botomy, 13% to 15% of the patients' estimated blood . volume is hemodiluted to a target hematocrit of 30% early in the cooling procedure. This fresh autologous whole blood is preserved at room temperature during the operation and is readministered to the patient after the procedure during the rewarming-recirculation pe riod. Protamine sulfate, which binds milligram for mil ligram with heparin,6 is used as a heparin antagonist at the conclusion of the procedure. In the absence of heparin, protamine sulfate can produce a consumption coagulopathy and hypotension. 13 For these reasons, heparin reversal with promatine sulfate requires titra tion by measuring the activated clotting time 15 to 30 minutes after protamine administration. In this way, svstemic heparinization is reversed when the activated clotting time is stable between 100 and 150 seconds.
After discontinuation of circulatory arrest, the re warming-recirculation period (mean approximately 90 minutes) is initiated. During rewarming, shivering should be avoided because of the compensatory in crease in oxygen consumption (reportedly between 135% and 486% of normal') associated with it: if the cardiac output cannot keep pace with this accelerated oxygen demand, serious oxygen desaturation and tissue ischemia can occur.
Protamine sulfate is given before femoral decannu lation once the heart is capable of sustaining systemic blood pressure and a normal sinus rhythm. The pa tient's initial whole blood and additional platelets (ap proximately I UIlO kg) are transfused. In addition to restoring normothermia, these maneuvers usually cor rect the aforementioned deficits in the coagulation cas cade. Close attention to the patient's clotting parameters is required in the postoperative period. Calcium chlo ride and fresh frozen plasma are often administered to hasten normal hemostasis. The postoperative use of autologous blood has resulted in an 18 % reduction in blood-bank requirements for patients undergoing car diopulmonary bypass procedures. 25 Patients who re ceived fresh frozen plasma and platelets as replacement in lieu of autologous whole blood showed slightly better results in postoperative clotting studies; however, this placed a tremendous drain on banked blood products and resulted in a 2.3% incidence of symptomatic hep atitis,25 Combined use of the patient's autologous whole blood and supplemental banked blood products as re quired probably represents the most efficacious way to restore normal hemostasis after cardiopulmonary by pass procedures.
Baumgartner, et al.,3 reported a high incidence of associated deep venous thrombosis and/or pulmonary embolization, and attributed it to catheterization of the femoral vein. We did not encounter problems with deep venous thrombosis in our limited series. The routine cannulation of the saphenous bulb \vith the femoral venous catheter suggested by Baumgartner and cowork ers may have reduced the likelihood of this complica tion. Table 3 outlines the morbidity, mortality, and out come associated with treating patients undergoirig sur gery for giant basilar artery aneurysms with circulatory arrest. Ours is the largest reported series treated in this fashion, including one large and six giant basilar artery aneurysms. As with conventional surgical techniques, the relatively high associated morbidity reflects the dif ficulty of the surgical dissection of these complex basilar artery lesions. The five patients with excellent outcomes showed no evidence of neurological sequelae; the pa tient with a good outcome was minimally compromised neurologically; the four with fair results were functional, three despite an ipsilateral third nerve palsy and contra lateral hemiparesis. Two patients had major neurolog ical deficits and poor outcomes, and two patients died: one 5 hours postsurgery and one (our Case 5), a patient with poor outcome who had a brain-stem stroke, died 8 weeks after surgery from severe pneumonitis. Ten (71 %) of the 14 total patients (six of seven in our series) had functional outcomes or better.
There was no association between a patient's clinical SAH grade and the operative outcome. Similarly, we identified no contraindication to early surgery after SAH when using the techniques of circulatory arrest. Two patients in our series made functional recoveries despite having preoperative grades of III or IV (an excellent and a fair outcome, respectively). Drake, et al., II reported a patient who was in Grade III preoper atively and who had a fair operative result. Conversely, among the 14 patients outlined in Table 3 , the two poor results and two deaths occurred in three Grade II and one Grade III patient. Three of the 14 patients under went early surgery (within 48 hours of aneurysm rup ture); one had good and two had fair results. Three patients underwent surgery 6 to 7 days after hemor rhage; two had an excellent outcome, and the other died. Seven patients were operated on between 2 and 5 years after SAH; two had excellent results, two had a fair result, two had poor outcomes, and one died. The single patient who was treated without prior SAH had an excellent result. The morbidity from these proce dures appears to be related to the patient's general health and to the ability of the neurosurgeon to dissect and expose the aneurysm without undue retraction and manipulation rather than to the preoperative SAH grade or the length of time from aneurysm rupture to surgery. In an otherwise healthy patient, we advocate an early operation after SAH regardless of the clinical grade. We have restricted the use of circulatory arrest to complex lesions of the basilar artery because we believe that other vascular lesions are managed ade quately with conventional techniques.
Conclusions
The inherent risks associated with the direct surgical treatment of giant basilar artery aneurysms can be reduced with the use of extracorporeal circulation, car diac arrest, deep hypothermia, and barbiturate cerebral protection. The practice of gradual cooling and rewarm ing, the use of barbiturates for cerebral protection, microneurosurgical techniques, and close attention to the patient's clotting mechanisms are prerequisites for a successful procedure and optimal outcome. Advanced patient age, a high preoperative SAH grade, or recent occurrence of SAH do not appear to be contraindica tions for intracranial surgery using the techniques of extracorporeal circulation and cardiac arrest. and extracorporeal circulation between January, 1985, and January, 1987 (Table I ). All seven patients had basilar artery aneurysms, six giant and one large (Fig.  S) . Two patients were operated on within 2 days of SAH. According to the SAH classification of Hunt and Hess,24 one of these patients was in Grade II and the other in Grade IV. One Grade I patient underwent surgical exploration and aneurysm clipping on Day 7 following SAH. Three patients were operated on 2 weeks after SAH. One of these patients was in Grade I and two were in Grade III. In one patient (Case 7), a giant basilar artery aneurysm was discovered inciden tally during workup after mild head trauma.
Of the patients operated on acutely, one (Case I) had mild cogni,ive dysfunction, an ipsilateral third-nerve palsy, and a minimal contralateral hemiparesis after surgery. Over the next 2 months, after ventricular shunting for hydrocephalus, his motor and cognitive function returned to nonna!. He later developed shunt infection and '/entriculitis, which was successfully treated. He had no other focal neurological deficits. He died from massive cardiopulmonary arrest 7 months after surgery. The secoD.d patient (Case 2) was in Grade IV preoperatively and underwent surgery 2 days after SAH. Postoperatively, he had an ipsilateral third-nerve palsy and a contralateral hemiparesis that improved steadily. The patient who underwent surgery on Day 7 after SAH (Case 3) had no neurological morbidity and was discharged 10 days after surgery. Of the three patients treated 2 weeks after SAH, one (Case 4) had no neurological deficits and was discharged I week after surgery. Our oldest patient, a 77-year-old woman (Case 6, Figs. 6 and 7) developed a left frontal (contralateral) subdural hematoma at the conclusion of the operative procedure during a Valsalva maneuver. This was promptly evacuated. Postoperatively, she had a temporary expressive dysphasia that cleared in 2 weeks. She had no lasting neurological sequelae. The only neurological death in our series occurred in a 51 year-old woman with a severe SAH (preoperative Grade III). After awakening from surgery she was able to follow commands and move all four extremities; how ever, she developed sudden loss of consciousness and quadriparesis 12 hours later. She had a large brain-stem infarction despite the appearance of good clip position and elimination of the aneurysm without evidence of vessel compromise on follow-up angiography. She died 8 weeks later from severe pneumonitis. The patient with the unruptured aneurysm (Case 7) had an uncom plicated postoperative course and an excellent outcome (Fig. 8) .
Discussion
